-mobilizing second messengers play a pivotal role in this process. Among these, nicotinic acid adenine dinucleotide phosphate (NAADP) appears to act as a universal trigger of Ca 2+ signaling (reviewed in [1] ). The receptor for NAADP has been a matter of debate since the first candidate -the type 1 ryanodine receptor (RyR1) -was presented in 2002 by Hohenegger and colleagues [2] . A second candidate followed in 2007, when Zhang et al. [3] introduced transient receptor potential mucolipin 1 channel (TRP-ML1) as an NAADP-sensitive Ca 2+ channel. Now Calcraft et al. [4] describe the identification of a new class of NAADP receptors, the two-pore channels (TPCs). In this work the authors demonstrate NAADP-mediated activation of TPC2, one of the TPC family members, when expressed in HEK293 cells. Although some data deal with other TPC family members, e.g. TPC1 and TPC3, the authors concentrate on TPC2. The rationale for analyzing whether TPC2 might be activated by NAADP came from studies revealing its lysosomal localization [4] . Previously Churchill and colleagues [5] identified the reserve granule of sea urchin eggs -a similar organelle to the lysosome -as the intracellular target organelle for NAADP. [4] . Importantly, pancreatic b-cells from Tpc2 2/2 mice were insensitive to NAADP, whereas Ca 2+ -sensitive inward cation currents were evoked by NAADP in cells from wild-type mice [4] . The authors conclude that TPC2 is the Ca 2+ channel producing small, and perhaps localized, initial signals that are further amplified by RyRs and IP 3 Rs localized to the SR or ER [4] . The exact mechanism of amplification may be different from cell type to cell type, depending on expression levels of RyR and IP 3 R subtypes, and may also depend on the kinetics of IP 3 and/or cyclic ADP ribose (cADPR) formation upon cell stimulation. In summary, the identification of lysosomally localized TPC2 as the NAADP receptor appears to be an endpoint in NAADP research. But is this the whole story?
In Figure 1 the results for the three models are depicted. In addition to TPC2, lysosomal localization was also demonstrated for TRP-ML1 [3] . Lysosomal membranes were purified biochemically from liver, and membrane currents were measured in lipid bilayers formed from these lysosomal membranes. NAADP evoked an increase in the open probability with a typical bell-shaped concentration-response curve, whereas IP 3 or ryanodine (at low concentration) had no effect [3] . Likewise, inhibition of RyR or IP 3 R did not prevent the effects of NAADP. In contrast, RyR prepared from liver and analyzed in the same experimental setting was not activated by NAADP, but the open probability increased when stimulated by cADPR [3] . Importantly, the NAADP effect could be inhibited by a polyclonal anti-TRP-ML1 antiserum [3] . Although this inhibitory effect of the anti-TRP-ML1 antiserum offers some suggestion of specificity, no RNAi or knock-out data have been published for this candidate. The fact that lysosomal membranes were used may lead to the possibility that TPC2 was present and involved in the increase of the open probability Upon cell stimulation by an extracellular ligand, NAADP is formed and acts either on TRP-ML1 (inset taken from [9] and modified) or TPC2 (inset taken from [4] and modified) localized to acidic stores, or on type 1 RyR (inset taken from [10] and modified) localized to the ER/SR. The transmembrane assignment of RyR1 is based on the 10 transmembrane model [11] . 3 Rs at the SR/ER -Hohenegger et al. [2] introduced RyR1 as a Ca 2+ channel that was directly activated by NAADP. These authors used a similar approach as Zhang and colleagues [3] and analyzed the open probability of RyR1 in lipid planar bilayers. In contrast to the work with TRP-ML1, Hohenegger and colleagues [2] used highly purified RyR1 preparations, as judged by protein staining and western blot. Single channel currents typical for RyR1 were obtained; the open probability was increased in a concentration-dependent manner in a similar NAADP range as reported for TRP-ML1 [3] or TPC2 [4] . However, a bell-shaped curve for NAADP was not seen under these conditions [2] . Nevertheless, the mechanism of action of NAADP was also determined: NAADP shifted RyR1 into a state with longer open times, while the single channel amplitude remained unchanged [2] . As specificity controls, 2 0 -phosphate and 3 0 -phosphate forms of nicotinamide adenine dinucleotide phosphate (NADP) were used and found not to have any effect. Moreover, the RyR antagonist ruthenium red inhibited NAADP-evoked activation of RyR1 [2] . In Hohenegger's study, no RNAi or knock-out approach was used to verify the data; however, gene silencing of RyR by an antisense construct in Jurkat T cells has since been reported to lead to a loss of both small local and global Ca 2+ signals upon microinjection of NAADP [6, 7] , adding support to this story. Further evidence for RyR1 directly acting as an NAADP-sensitive Ca 2+ channel, at least in some cell systems, comes from a recent study showing a significant enhancement of channel opening of highly purified RyR1 upon NAADP addition [8] .
In conclusion, convincing evidence has been presented now that RyR1 and TPC2 are NAADP-sensitive Ca 2+ channels. Given that the two-pool model includes RyR (or IP 3 R) as amplifiers, one may argue that, in all studies favoring RyR1 as NAADP receptor, TPC2 was present as an impurity, giving rise to (undetectable) small Ca 2+ signals that were then further amplified by RyR1. Although the studies with highly purified RyR1 [2, 8] would argue against such an interpretation, it cannot be totally excluded. Now that the molecular identity and potential functional role of TPC2 has been released to the community, it can, however, be put to the test tube. Hopefully, the controversial issues around the NAADP receptor will be solved in the near future. In bacteria, the RecF pathway plays an important role in the repair of DNA breaks and gaps. Reconstitution of this reaction in vitro has revealed similarities with double-strand break repair in eukaryotes.
Kevin Hiom
Single-strand or double-strand breaks are potentially lethal forms of DNA damage found in all organisms [1] . To counteract this threat, organisms have evolved several mechanisms to repair these lesions. One strategy, used widely in eukaryotes, archaea and some bacteria, is simply to rejoin broken DNA ends, regardless of the DNA sequence at the break, a process referred to as non-homologous end-joining. However, because one or more nucleotides are often lost at the site of the break, this mechanism is potentially mutagenic. A second strategy, which enables more accurate repair of DNA breaks, is homologous recombination. This makes use of a second undamaged copy of the chromosome, generated during DNA replication, as a template to faithfully restore the genetic information at the repaired break.
In bacteria such as Escherichia coli, homologous recombination is the
